Introduction {#Sec1}
============

The increased risk of ischemic strokes in persons with central retinal artery occlusion (CRAO) has been demonstrated in several retrospective studies \[[@CR1]--[@CR5]\]. The association is biologically feasible on the basis of shared risks factors for stroke and CRAO, and the known pathogeneses of atherosclerosis and thromboembolic diseases \[[@CR6]--[@CR8]\]. Understanding the temporal risk of ischemic stroke in the setting of recent CRAO is critical for appropriate clinical management, since there are effective methods for stroke prevention if instituted in a timely manner \[[@CR9]\]. Only one previous study has examined the risk of stroke in the time immediately surrounding CRAO \[[@CR2]\]. In that self-controlled case series, the authors found that the relative incidence rate ratio for ischemic stroke among patients with CRAO compared to the age- and gender-matched Korean population was roughly 70 times greater during the week immediately following the ocular event. Although an increased risk of this magnitude has important clinical implications, the temporal risk in stroke has not been studied in the USA. As risk profiles for stroke vary widely throughout regions of the world, documenting the temporal relationship between CRAO and ischemic stroke in a population from the USA is needed \[[@CR10]\]. We examined the incidence of ischemic stroke in the weeks and months before and following CRAO among Medicare beneficiaries in the USA, using a control group with hip fracture.

Methods {#Sec2}
=======

We employed the national Medicare limited inpatient and institutional outpatient datasets for calendar years 2011--2014 to identify patients through ICD-9-CM code for CRAO and ischemic stroke for year 2013. The codes are linkable across datasets through a scrambled patient identifier, with online documentation \[[@CR11]\]. Patients with ICD-9-CM codes for CRAO (362.31) during 2011--2012, and ischemic stroke (434) in 2011 and first half of 2012 were excluded. Patients with CRAO in 2013 were identified using both Medicare inpatient and institutional outpatient datasets for emergency department services. The date of diagnosis of CRAO was used as the index date for each case, so that look-back and look-forward periods of 180 days for individual patients could be determined. The Medicare inpatient dataset for ICD-9-CM code 434 entered during 180 days preceding and following index dates were searched and linked longitudinally with a scrambled patient identifier. The number of new ischemic strokes among Medicare beneficiaries per designated time periods was derived from the principal diagnosis for stroke (ICD-9-CM 434) after excluding patients with previous CRAO and stroke during the look-back period.

The control group consisted of patients diagnosed with new hip fracture (principal diagnosis ICD-9-CM 820--820.9) in 2013. We excluded patients with previous hip fracture in 2012 and stroke outside the 180 days prior to the hip fracture index date, in keeping with the same exclusionary period for the CRAO patient group. Medically relevant comorbidities for both groups were identified through ICD-9-CM codes for diabetes (ICD-9-CM 250--259), systemic hypertension (ICD-9-CM 401.0, 401.1, 401.9), hyperlipidemia (ICD-9-CM 272), smoking (ICD-9-CM 305.1), congestive heart failure (ICD-9-CM 428), renal failure (ICD-9-CM 586), chronic respiratory disease (ICD-9-CM 490--496), peripheral vascular disease (ICD-9-CM 443.9), and atrial fibrillation (ICD-9-CM 427.31). Given the general difficulty in designating an ideal control group, patients with hip fracture were chosen as they are under close medical supervision so that a diagnosis of stroke would unlikely be delayed or overlooked, even if minor. We also wanted a control group that was at relatively high risk of new stroke so any bias in relative risk would be towards the null \[[@CR12]\].

Statistical analysis {#Sec3}
--------------------

The Chi-square test was used to determine whether no differences in observed proportions of comorbidities existed between study groups (*α* = 0.01). Incident rates were determined for time intervals both before and after the sentinel events of CRAO and hip fracture similar to that chosen by Park et al. \[[@CR2]\]. The incidence of new strokes was determined for the following time intervals after the index date of CRAO and hip fracture: first week; second week; third and fourth weeks, then 30-day intervals until 6 months. The same time intervals were used to describe the stroke rates prior to sentinel events. Results were adjusted for age and gender on the basis of the overall 2013 Medicare population. The 95% confidence interval for incidence was calculated for each time interval using a Poisson distribution \[[@CR13]\]. Analyses used SAS^®^, version 9.4 Cary, NC. The Northwestern University Institutional Review Board granted a study exemption. This article does not contain any studies with human participants or animals performed by any of the authors.

Results {#Sec4}
=======

After exclusion criteria were applied, 3338 CRAOs (ICD-9-CM 362.31) and 187,999 hip fractures (ICD-9-CM 820--820.9) were identified among 26,275,521 Medicare beneficiaries in 2013. The 5-year interval age distribution of patients with CRAO was \< 65, 9.8%; 65--69, 16.5%; 70--74, 18.8%; 75--79, 18.3%; 80--84, 17.4%; \> 84, 19.2%. Women made up 47.7% of the cohort. The 5-year interval age distribution for the control group was \< 65, 4.6%; 65--69, 6.8%; 70--74, 9.2%; 75--79, 13.3%; 80--84, 20.1%; \> 84, 46.0%. Women comprised 71.3% of the control group. Baseline medical comorbidities among patients with CRAO and hip fracture, and the general Medicare population are shown in Table [1](#Tab1){ref-type="table"}. There were statistically significant differences in the proportions of all comorbidities among the groups. Both the CRAO and hip fracture groups had substantially increased proportions of key risk factors for stroke, including high blood pressure, diabetes mellitus, smoking, and atrial fibrillation (Table [1](#Tab1){ref-type="table"}).Table 1Baseline comorbiditiesCharacteristicCentral retinal artery occlusion *N* = 3338 (%)Hip fracture *N* = 187,999 (%)National medicare population^a^ *N* = 26,275,521 (%)Diabetes1213 (36.3)55,604 (29.6)6,807,799 (25.9)Hypertension2432 (72.9)142,343 (75.7)13,773,391 (52.4)Hyperlipidemia2162 (64.8)99,235 (52.8)11,368,203 (43.3)Smoking439 (13.2)21,943 (11.7)2,175,682 (8.3)Congestive heart failure674 (20.2)49,183 (26.2)2,573,090 (9.8)Renal failure47 (1.4)2370 (1.3)177,391 (0.7)Chronic respiratory disease788 (23.6)56,516 (30.1)4,420,216 (16.8)Peripheral vascular disease420 (12.6)17,636 (9.4)1,055,491 (4.0)Atrial fibrillation713 (21.4)53,393 (24.4)2,838,334 (10.8)^a^Differences statistically significant for all characteristics (Chi square, *p* = 0.01)

In the 6 months preceding CRAO, 49 patients were diagnosed with ischemic stroke. This number rose to 141, during the 6 months following CRAO. Most ischemic strokes occurred during the 2 months that preceded and followed CRAO, when a total of 14 strokes occurred 30 days before the ocular event and 91 strokes 30 days after the ocular event. Among patients with hip fractures, there were 2945 with strokes, of which 1551 occurred 6 months before and 1394 occurred 6 months after hip fracture. The number of strokes occurring 30 days before and 30 days after hip fracture was 282 and 344, respectively.

Table [2](#Tab2){ref-type="table"} shows the age- and gender-adjusted incidence of strokes among patients with CRAOs and hip fracture for eight time intervals before and after the event dates. The incidence of stroke in the CRAO cohort compared to those with hip fracture was significantly elevated during the first week (27.6 \[95% CI 7.3--69.9\]) and second week (33.1 \[95% CI 9.8--84.6\]) following the sentinel events (Fig. [1](#Fig1){ref-type="fig"}).Table 2Unadjusted rates of ischemic stroke among cohorts with central retinal artery occlusion (CRAO) and hip fracture (HFX)Time (days) relative to sentinel event (CRAO or HFX)Number of strokes CRAO cohort (*N* = 190)Rate of stroke before CRAO^a^Number of strokes HFX cohort (*N* = 2945)Rate of stroke before HFX^a^Days before*NN*151--18013.021511.5121--150618.224813.391--120412.125913.861--901030.226714.231--601442.128014.915--30618.01477.88--14515.0633.41--739.0723.8Days afterIncidence of stroke after CRAOIncidence of stroke after HFX1--739116.8603.28--1435106.1583.115--301752.122612.031--601441.828215.061--90927.822712.191--1201443.420811.1121--150515.61548.2151--180825.01799.6^a^Per 10,000 Fig. 1Ratios of age- and gender-adjusted incidence (i.e., relative incidence ratios) of ischemic stroke in persons with central retinal artery occlusion and hip fracture. CI = 95% confidence interval. \*Statistically significant

Discussion {#Sec5}
==========

This study found a 28-fold and 33-fold increase in incidence of ischemic stroke in the first and second weeks following CRAO compared to the group with hip fracture. This finding is consistent with that reported by Park et al., who found a 70-fold increase in ischemic stroke the first week after CRAO and a near 22-fold increase within 3 days \[[@CR2]\]. The lower rates of stroke found in our study are not unexpected as the study by Park et al. did not have a designated control group for comparison. Persons with hip fracture tend to have high levels of other medical comorbidities, including stroke. Stroke is also a risk factor for hip fracture \[[@CR12], [@CR14], [@CR15]\].

The clinical implications of our findings are important as patients who present with recent CRAO are at substantial risk of ischemic stroke within a brief time frame after the ocular event. The American Academy of Ophthalmology's Preferred Practice Pattern recommends that patients with acute CRAO be promptly referred for stroke evaluation and prevention \[[@CR16]\]. Clinical practice patterns for the management of CRAO, however, vary considerably depending on physician training and background. In a survey published in 2009, only 35% of ophthalmologists refer a patient with acute CRAO to the emergency department for immediate evaluation compared to 73% of neurologists and 86% of neuro-ophthalmologists \[[@CR17]\].

Our study has several potential limitations. First, this study used administrative datasets. Goldstein noted in Medicare claims data that about 20% of patients with acute ischemic stroke had other conditions \[[@CR18]\]. More recent studies of administrative datasets, however, have demonstrated more reliable coding \[[@CR19]\]. Given the striking peak in relative incidence after CRAO, even if a quarter of the diagnoses were miscoded, this would still leave a sizable increase in stroke incidence. In addition, miscoding of stroke should not occur preferentially among patients with CRAO. Thus, the relative differences between the study and comparison groups should be unaffected.

Second, persons hospitalized to exclude stroke may be more likely to undergo multiple diagnostic procedures including diffusion-weighted magnetic resonance imaging, an increasingly sensitive method of detecting ischemic stroke, than persons evaluated as outpatients \[[@CR1], [@CR20], [@CR21]\]. The sensitivity of diffusion-weighted imaging in detecting small, often asymptomatic infarcts in the cerebral hemispheres may increase the diagnosis of ischemic stroke beyond the perceived risk of stroke following CRAO based on older technologies \[[@CR21]\]. Although this increase in diagnostic sensitivity may be clinically beneficial, it also explains why previous perceptions of stroke risk were less.

Third, patients who are hospitalized after CRAO may represent a subset of all patients with CRAO who have stronger or more clinically obvious predictors of stroke such as atrial fibrillation. This type of selection bias could overestimate the true incidence of ischemic stroke among all patients with CRAO.

Although incidence of stroke was standardized according to age and gender to reduce distortions of rates between the CRAO study group and those with hip fracture, it was not possible to adjust rates for major risk factors of stroke as patient-specific medical diagnoses could not be linked after patients were segregated into time intervals. Over two-thirds of patients with CRAO also have undiagnosed cardiovascular risk factors for stroke at the time of their ocular event \[[@CR22]\]. Thus knowledge of critical risk factors changes substantially after patients present with vision loss.

Conclusions {#Sec6}
===========

Based on findings from administrative datasets, the relative incidence of ischemic stroke peaks abruptly 2 weeks following CRAO. The results are consistent with results from the only previous time-dependent study in the literature \[[@CR2]\]. These findings underscore the importance of promptly referring patients with acute CRAO to stroke centers or stroke-ready hospitals for further evaluation \[[@CR16]\].
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